Genes homologous to avrBs3 of Xanthomonas were detected in 309 strains of Ralstonia solanacearum biovars 3, 4, and 5 but not biovar 1 or 2. A statistically significant association between the originating plant species and internal repeats of the gene was found. Sequences of repeats and variation between nearly clonal strains revealed evidence of frequent recombination.
Ralstonia solanacearum causes bacterial wilt in more than 200 plant species (8) . Strains of this heterogenous species complex vary largely in host range and aggressiveness. Despite the complete genome sequencing of the strains GMI1000 (race 1, biovar 3) (17) and UW551 (race 3, biovar 2) (5), the genetic basis of this variation is still largely unknown (5) . Host preferences seem to be determined by genes that change too rapidly to reflect the phylogenetic divergence of strains. Consequently, the attempt to subdivide R. solanacearum into races based on host range turned out to be of little taxonomic value (7), probably because the complex evolving plant defense system (10, 18) constantly selects for acquisition, mutation, elimination, or (reversible) inactivation of virulence/avirulence genes (6, 11) .
Essential for pathogenicity of R. solanacearum and many other gram-negative phytopathogenic bacteria is a type III secretion system encoded by the hrp gene cluster that translocates effector proteins into the host cell (1, 2) . Effectors are involved in causing disease in susceptible hosts or in eliciting a hypersensitive response in resistant or nonhost plants (2) . Members of the avrBs3 effector family of Xanthomonas were shown to suppress nonspecific hypersensitive responses and expression of defense response genes in the plant (4). Recently, hrpB-regulated effector genes homologous to the avrBs3 family of Xanthomonas were discovered in the R. solanacearum biovar 1 strain GMI1000 (3) and in the biovar 4 strain RS1000 (14) . These genes, designated brg11 and hpx17, are 98.9% identical in nucleotide sequence but differ by a deletion of 1,575 bp in the repeat domain of hpx17. Both gene products have less than 40% sequence identity with AvrBs3 family proteins of Xanthomonas, so functional analogy is uncertain. Repetitive DNA sequences are prone to increased frequencies of recombination. Such localized hypermutation can cause microdiverse populations that have enhanced chances of an adaptive response to evolving host factors (12, 13) . Intragenic recombination within the repeat domain of the avrBs3 family genes pthA of Xanthomonas citri (20) and avrXa7 of Xanthomonas oryzae pv. oryzae (19) was shown to create new host specificities.
The distribution of avrBs3-like genes in strains of the R. solanacearum species complex is largely unknown. In contrast to GMI1000 and RS1000, homologous genes were not present in the genome of the biovar 2 strain UW551 (5). brg11 is located in an alternative codon usage region (17) and may thus be an accidental remnant of horizontal gene transfer in a few strains. It is also unknown whether avrBs3-like genes are involved in pathogenicity or modulate the host specificity of R. solanacearum. Mutants of GMI1000 with brg11 disrupted were still able to cause disease on tomato and Arabidopsis (3), which is analogous to observations with other avrBs3-like genes. The aim of this study was to investigate how common brg11 and hpx17 homologues are within the R. solanacearum species complex and whether the size of the repeat region is correlated with host preferences of the strains. Conserved brg11 and hpx17 sites flanking the central repeat domain were identified by comparison with Xanthomonas avrBs3 homologues and used to design primers hpx17f (5Ј-CG CTG CAT CTC ACA CCG CAG CAG GT-3Ј) and hpx17r (5Ј-C CTT CAC CGG CAA CCC CTG CCT GAC-3Ј) to amplify the repeat region. PCR conditions were 7 min at 94°C, 10 al., unpublished), a highly discriminatory technique to determine the taxonomic diversity and phylogenetic structure of bacterial populations (16) . We screened all strains for the presence of brg11 and hpx17 homologues and analyzed the correlation between the repeat size and the originating host plant. All strains gave either a single PCR product or no product. The size of the PCR products was either 0.3 kb (as expected from hpx17), 1.9 kb (like that from brg11), 1.7 kb, 1.8 kb, or 2.0 kb (Fig. 1A) . The latter sizes could be explained by the presence of 15.8, 16.8, or 18.8 repeats, respectively. Interestingly, very similar strains sharing the same type of BOX fingerprint could have different sizes of brg11 or hpx17 homologues. This is evidence of a high rate of mutation by recom- 
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1,980 (1) bination relative to the genome. For instance, BOX fingerprint type 23 was shared by 99 isolates from Zingiber officinale with a 300-bp PCR product of the repeat region and by 27 strains from other plants with a 1,875-bp product, which coincided with a change in the race of the strains (Table 1) . The gene could not be detected in any of the five biovar 1 strains or the 29 biovar 2 strains analyzed. These results suggested that avrBs3-like genes are preferentially distributed among R. solanacearum strains of the Asiaticum and not the Americanum division (15) . To investigate whether the brg11 or hpx17 type affected the preference of R. solanacearum strains for host plants in the field, the association between the originating host plant and the size of the PCR product was analyzed by Fisher's exact test. The association was found to be highly significant (P Ͻ 0.0001). However, the composition of the strain collection may be biased by the sampling of identical strains from the same host several times. Thus, a nonredundant set of strains was tested in which all 100 isolates differed in either their BOX genomic fingerprint, their geographical origin, or the host from which they were isolated (Table 2) . Also, with this data set, the sizes of the brg11 or hpx17 repeat regions of the strains and their originating hosts were significantly correlated (P ϭ 0.046). This indicated that the host preference of R. solanacearum in the field is modulated by recombination of the brg11 or hpx17 repeats. The PCR products were further analyzed by AluI digestion and sequencing. The five size classes could be further differentiated into 13 AluI patterns, reflecting the sequence diversity of the repeat region ( Fig. 1B; Table 1 ). Pattern type b1 was exclusively linked to Zingiber officinale and b2 to Arachis hypogaea. It remains to be investigated whether the number of repeats or rather the sequence of some repeats determines specific interactions with host cells. Sequencing of 81 repeats from nine strains (representing gene types a, b2, c1, d1, d2, d3, d4, and e) revealed high similarities to the repeats of brg11 and hpx17 (Fig. 2) . The 300-bp fragment of strain SD58 was identical to hpx17 in sequence and size. Also, the other sequences showed 98 to 100% sequence conservation in the nucleotides homologous to hpx17, while the repeats not present in hpx17 were more variable. Strain GD52 (1.8-kb repeat) and five strains with a 1.9-kb repeat fragment, which represented different AluI restriction patterns, showed 97.7 to 98.5% sequence identity to brg11 in their common repeats, whereas strain GX526 (1.7-kb repeat) showed only 90% identity (Fig.  2) . Neighboring repeats tended to be highly similar. Duplications and deletions also gave evidence for frequent recombination events (Fig. 2) . Typically, the repeats comprised 35 codons, but a length of 34 codons was also observed. Among the Xanthomonas avrBs3 gene family, the repeats of hax2 from Xanthomonas campestris pv. armoraciae (9) were most similar to those of R. solanacearum, especially to the first repeat of the region. In contrast to hax2, the R. solanacearum repeats cluster according to their position in the first or second half of the repeat region, which implies a modular structure of the internal repeats.
In conclusion, conservation of the internal repeats of brg11-like genes among strains of R. solanacearum and association of repeat types with originating host plants implied a specific function in virulence. Frequent recombinatorial changes of the internal repeats and the presence of a single type per strain are in accordance with the assumption of an interaction with the plant defense system.
Nucleotide sequence accession numbers. Sequence data have been submitted to the DDBJ/EMBL/GenBank databases under accession numbers EF435034 to EF435042.
